Purpose Cervical disc herniation (CDH) is found more frequently at the lower cervical spine than at the upper or middle level. However, there is scarcity of data about the laterality of CDH. The aim of this study is to detect the laterality of CDH. Methods We retrospectively evaluated preoperative computed tomography myelograms and magnetic resonance images of 75 cases of CDH who underwent single level anterior cervical discectomy and fusion at C4-5, C5-6, or C6-7 levels from 2008 to 2010 in our institute. Statistical analyses were performed using the Chi-square test. Results Eleven cases were found at C4-5 level, 42 cases at C5-6 level, and 22 cases at C6-7 level. At C4-5 level, CDH was recognized at the right side in 2 cases, at the left side in 2 cases, and at the center in 7 cases. At C5-6 level, CDH was found at the right side in 20 cases and at the left side in 22 cases. At C6-7 level, CDH was found at the right side in 3 cases and at the left side in 19 cases with significantly high frequency of left-sided CDH (p \ 0.025). Conclusions In this study, it was revealed that the leftsided CDH was more frequent than the right-sided CDH at C6-7 level.
Introduction
Cervical disc herniation (CDH) is found more frequently at the lower cervical spine than at the upper or middle level. However, there is scarcity of data about the laterality of CDH. Mechanical stress plays an important role in the development of disc herniation and degeneration of the facet joint. In addition, repeated mechanical stresses on one side might result in unilateral symptoms with asymmetrical degeneration of the facet joint and disc. Facet joint arthrosis is provoked by some physical daily behavior. As an illustration, right-handed men usually twist their spines leftward in walking and sitting [1] indicating a relationship between handedness and the direction of spinal torsion in daily lives.
The aim of this study is to detect the laterality of CDH by using the retrospective data in our institute.
Materials and methods
In 3 years from January 2008 to December 2010, we performed 334 anterior cervical discectomy and fusion (ACDF) procedures using an Apaceram Ò spacer with anterior cervical plate system (ATLANTIS or VENTURE, Medtronic). Among the 334 cases, 75 patients received a single level of ACDF for CDH at C4-5, C5-6, or C6-7 levels. All the cases were treated conservatively for several months without subsequent amelioration of symptoms. Cases with cervical spondylotic myelopathy/radiculopathy, trauma, ossification of posterior longitudinal ligament, previous cervical spine surgery, or multi-level fusion were excluded in this study. Pre-operative computed tomography myelograms (CTM, 3 mm slices) using a 64 slice multi-detector CT scanner (Light Speed VCT, GE Medical System, WI), with a slice thickness of 3 mm and magnetic resonance images (MRI: 1.5T, Excelart Vantage, Toshiba, Japan, or 1.5T, Signa Infinity Excite, GE Medical System, WI) of these cases were evaluated retrospectively. The location of the CDH was determined holistically using CTM, MRI and intraoperative findings. The location of CDH was classified as the right, center and left in accordance with the most protruding site posteriorly to the spinal cord ( Fig. 1) . Sex and the location of CDH of the cases were analyzed.
We also examined handedness of the patients in this study. Handedness was judged by asking the patients, as part of a standard assessment protocol, ''Are you right-or left-handed?'' In difficult cases for the judgment, writing hand was considered as the dominant hand.
Statistical analysis was performed using the Chi-square test. Statistical significance was preset at p \ 0.05.
Results
In the 75 CDH patients, there were 50 males and 25 females with an average age of 52 (27-79 years old). Seventy-three patients among the 75 patients were righthanded without ambidexterity. Eleven cases (M/F: 5/6) were found at the C4-5 level, 42 cases (M/F: 29/13) at C5-6, and 22 cases (M/F: 16/6) at C6-7 level (Fig. 2 ). At C4-5 level, CDH were recognized at the right side in 2 cases, the left side in 2 cases, and the center in 7 cases. At C5-6 level, CDH were found at the right side in 20 cases and at the left side in 22 cases. At C6-7 level, CDH were found at the right side in 3 cases and at the left side in 19 cases (Fig. 3 ). In the two left-handed patients, both of them are male with CDH at C5-6 level. The CDH were found at the right side in one case and at the left side in the other. All of the patients with unilateral CDH have ipsilateral symptoms. In all cases, intraoperative findings were consistent with pre-operative radiological findings of CTM and MRI. After the surgery, all patients experienced symptom improvement. There were no significant differences in the sex of cases at each level (p = 0.28). At C6-7 level (p \ 0.025), the frequency of left-sided CDH was significantly higher than the right one, although there were no significant differences at C4-5 and C5-6 level.
Discussion
To our knowledge, this is the first study to investigate the laterality of CDH and to demonstrate that the frequency of left-sided CDH was significantly higher than the right one at C6-7 level, although there are a few studies demonstrating a weak correlation of the degeneration between cervical disc and facet joint [2] , and that the degree of cartilage degeneration of left-side facet joints did not significantly differ from those on the right side [3] . There is controversy concerning the relationship between facet joint asymmetry and lumbar spinal degeneration [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Karacan and colleagues [5] stated that asymmetry of the facet joints strongly correlates with the development of lumbar disc herniation. Moreover, facet joint asymmetry might be a risk factor for the development of lumbar disc degeneration [7] , or lumbar spondylolisthesis [4, 6] . Facet joint arthrosis is considered as an age-dependent phenomenon with subsequent facet asymmetry. The prevalence of facet joint arthrosis is greater for the right side in the lower lumbar spine [6, 8] . On the contrary, there are several studies which demonstrated that little correlation exists between facet asymmetry and lumbar spinal degeneration including spondylolisthesis [9, 10] , degeneration of facet joint [11, 12] , and lumbar disc herniation in adults [13] [14] [15] [16] . Interestingly, juvenile and adult patients with lumbar disc herniation display distinct differences in facet joint asymmetry in that the frequency of facet joint asymmetry in the juvenile group (12-20 years old) was five times higher than that in the adult group (30-49 years old) [17] . This finding indicates that facet joint asymmetry is a radiologic feature of lumbar disc herniation in children and adolescents, although controversies remain on the onset of the asymmetry [17] .
Laterality, including the curve pattern of scoliosis, has been documented in thoracic spinal lesion. Asymmetry in facet orientation is commonly found in the whole thorax in the adult, whereas facet asymmetry in children exists only in the superior facets of the thoracic spine, but not of the lumbar spine [18] . The right superior facet is significantly shorter than the left in whole thoracic vertebrae and significantly wider than the left in thoracic vertebrae Th1-9 [19] . Facet asymmetry in thoracic vertebrae appears in early childhood, although the pattern of this asymmetry differs from the adults [19] . Notwithstanding, facet asymmetry partly contributes to idiopathic scoliosis [19] . In cases of vertebral rotation, there is a predominant rotation to the left of the high thoracic vertebrae, and to the right of the mid and lower thoracic vertebrae in the normal, nonscoliotic spine, which corresponds to the most prevalent types of thoracic idiopathic scoliosis [20] . In the present study, left-side dominancy of CDH at C6-7, but not C4-5 and C5-6, was shown. That intervertebral space at C6-7 is close to the upper thoracic spine and likely affected by the rotation with left-dominant load to the C6-7 disc likely contributed to this laterality.
The involvement of handedness in patients may also contribute to the laterality. Indeed, handedness already persists in the fetus. Between 12 and 27 weeks of fetal life, over 80 % of fetuses show more right-arm movement than left-arm movement suggesting that asymmetrical behaviors of fetuses are probably under muscular or spinal, rather than cortical, control [21] . The presence of lateralized motor behavior in the fetus also suggests that early gestation affords a potential causative role for subsequent lateralized behavior and asymmetric brain development [21] . Thus, the facet tropism in the cervico-thoracic vertebrae may even start in the early months of embryonic life, due to an ongoing preference to right-arm activities including sucking the right thumb [21] [22] [23] . Of note,
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Sex difference by the level of CDH Fig. 2 Sex differences in cases with CDH. The graph demonstrates that the C5-6 level was the most common level of CDH. At the lower cervical spine, male cases might be more than female, although there was no significant difference (Chi-square: 2.54, p value: 0.28)
Laterality by the level of CDH Fig. 3 Laterality of CDH. The graph demonstrates at C6-7 level, the frequency of left-sided CDH was significantly higher than the right one, although there was no significant differences at C4-5 and C5-6 level (Chi-square: 7.38, p value \ 0.025) habitual asymmetrical activities in children and adolescents likely influenced by the handedness accelerate asymmetrical forces on the growing spine with consequent development of asymmetrical facets [8] . Meanwhile, in over 80 % of patients with idiopathic scoliosis, the curve pattern matched handedness with 197 of 228 right-handed children exhibiting a right convex curve pattern; 26 left-handed children, 12 had a left convex pattern at the low thoracic component [24] . Furthermore, high impact activity may be involved in arm and spinal diseases. Fast bowling in cricket is closely associated with the development of incomplete stress fractures of lumbar pars interarticularis that occurs more frequently on the left than the right. Within cricketers, unilateral spondylolyses is usually found on the contralateral side to the bowling arm [25] . Thus, there are several reports implicating handedness in the resulting unilateral lumbar and/or thoracic lesion. However, there is paucity of data on cervical facet asymmetry and disc herniation. Furthermore, there is no report on the laterality of CDH in relation to handedness. One can speculate that rotatory/torsional movement induced by the dominant hand affects the development of cervical disc and facet because it affects a more remote region, i.e., thoracic and lumbar spine, although the movement to the cervical spine may be smaller than that exerted to the thoracic and lumbar spine. To this end, CDH at C6-7 may be the result of asymmetrical movements that cause uneven forces on the both sides of the disc. In addition, lesser rhomboid muscle originating from C5-7, which moves scapula inward and upward or superior posterior serratus muscle originating from C5-T1, which helps breathing might be related to the fact that leftside dominancy of the CDH was recognized at the lower cervical spine, although there is no evidence.
This report represents an initial step towards a better understanding of the critical role of posture and motion in daily activities on the degeneration of the cervical spine. The potential weaknesses of this study are that the instabilities in facet joint are not discussed, and that the number of left-handed patients is small. Handedness is the most strongly lateralized of unilateral actions and the extent to which other actions are congruent with handedness varies between individuals and between functions [26] . Although many factors other than handedness may contribute to the development of CDH, handedness is shown here as one of the critical factors mediating unilateral CDH at C6-7 level.
Conclusion
In our study, the frequency of left-sided CDH was significantly higher at C6-7 level than right-sided one. Righthandedness most likely contributed to the left-sided CDH, although other factors may be involved in the location of the CDH.
